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0.70.9 时，BJH 孔体积从 0.752 cm3/g 单调递减为 0.418 cm3/g，当水醇比从 0.95 变
化到 0.98 时，其 BJH 孔体积仍呈单调递减，而当水醇比处于 1.01.5 时，其 BJH孔
体积在水醇比=1.3时达到最大值，为 0.136 cm3/g。不同水醇比的 BJH孔径分布特征
为：在水醇比为 0.70.9 时，气凝胶的孔径分布曲线均呈现三处分布峰，在 2 nm、4 
nm和 40 nm位置处各有一孔径分布峰，其中 2 nm处峰尖锐，4 nm处随水醇比增大
峰强减弱，40 nm 处为一宽峰，分布范围为 10100 nm。水醇比为 0.95~0.98 时，在
2 nm 和 4 nm 处呈双峰分布，其中 2 nm 处尖锐，而 4 nm 处峰强随水醇比增大而减









热扩散系数，分别为 37 mW/(m•K)和 0.078 mm2/s。水醇比从 0.7增大到 1.5，密度则
由 0.135 g/cm3减小到 0.090 g/cm3。 






























Silica aerogels are a class of gel-derived highly porous materials. Their 
microstructures and properties are influenced by synthetic parameters. Water to ethanol 
ratio is a key controlling parameter for methyltriethoxysilane (MTES) based silica aerogels 
prepared through ambient pressure drying. It is, therefore, necessary to understand how 
water to ethanol ratio affects the microstructures and properties. In this work, a series of 
MTES based silica aerogels were prepared by a simple one-step catalysis, followed by 
ambient pressure drying through regulating the water to ethanol ratios. Accordingly, the 
microstructures and physical properties of the silica aerogels with different water to 
ethanol ratios were characterized. The uniaxial compression tests and thermal properties 
measurements were also conducted. The effects of water to ethanol ratios on pore 
structures, surface morphologies, multi-scaled particle sizes, compressive mechanical 
behaviors and thermal properties were systematically investigated. The important 
parameters including bulk densities, porosities, BJH pore volumes, thermal conductivities 
and diffusivities of the MTES based silica aerogels were obtained. 
The results revealed that the water to ethanol ratios strongly influenced the 
microstructures of the MTES based silica aerogels. When the water to ethanol ratios were 
equal to 0.70.9, the BJH pore volumes reduced monotonously from 0.752 cm3/g to 0.418 
cm
3
/g. The monotonous decreases in the BJH pore volume also appeared as the water to 
ethanol ratios varying from 0.95 to 0.98. When the water to ethanol ratios reached 1.01.5, 
the largest BJH pore volume was achieved to be 0.136 cm
3
/g as the water to ethanol ratio 
was 1.3. The characteristic BJH pore size distributions for different water to ethanol ratios 
could be described as: when the water to ethanol ratios varied in the range of 0.7~0.9, three 
peaks were observed at 2 nm, 4 nm, and 40 nm in the BJH pore size distribution curves. 
The peak at 2 nm was sharp, while the peak at 40 nm pore broad ranging 10100 nm. The 
peak intensity at 4nm decreased with the water to ethanol ratios increasing. As the water to 
ethanol ratios changed from 0.95 to 0.98, two peaks appeared at 2 nm and 4 nm with the 
sharp peak at 2 nm and the decreasing peak intensity with the water to ethanol ratios at 4 
nm. When the water to ethanol ratios fell into 1.01.5, only one sharp peak was seen at 2 
nm. The MTES based silica aerogels possessed the typical sponge-like microstructure 
when prepared with the water to ethanol ratios of 0.70.9, while the pearl-like 
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to pearl-like microstructures occurred when the water to ethanol ratios slightly increased 
from 0.95 to 0.98. The larger values of the water to ethanol ratios led to densely packed 
particles, while smaller led to more loosely packed particles. The average sizes of 
secondary particles increased from 0.115 μm to 3.08 μm with the increases of water to 
ethanol ratio. The average sizes of primary particles were in the range of 4.146.30 nm. 
The water to ethanol ratios also influenced the mechanical and thermal properties of 
the MTES based silica aerogels. Two typical types of compressive mechanical responses 
were observed. The slopes of the stress-strain curves increased non-monotonously with the 
increase of strain with the water to ethanol ratios of 0.70.96, while increased 
monotonously with the increase of strain with the water to ethanol ratios of 0.981.5. The 
transition in the mechanical behaviors from the non-monotonous increase to monotonous 
increase with the increase of strain took place when the water to ethanol ratios slightly 
increased from 0.96 to 0.98. The lowest values of thermal conductivity and diffusivity 
were achieved to be 37 mW/(m•K) and 0.078 mm2/s, respectively, with the water to 
ethanol ratio of 1.2. The bulk density went down from 0.135 g/cm
3
 to 0.090 g/cm
3
 as the 
water to ethanol ratios declined from 0.7 to 1.5. 
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